Role of reduced lipoic acid in the redox regulation of mitochondrial aldehyde dehydrogenase (ALDH-2) activity. Implications for mitochondrial oxidative stress and nitrate tolerance.
Chronic therapy with nitroglycerin results in a rapid development of nitrate tolerance, which is associated with an increased production of reactive oxygen species. We have recently shown that mitochondria are an important source of nitroglycerin-induced oxidants and that the nitroglycerin-bioactivating mitochondrial aldehyde dehydrogenase is oxidatively inactivated in the setting of tolerance. Here we investigated the effect of various oxidants on aldehyde dehydrogenase activity and its restoration by dihydrolipoic acid. In vivo tolerance in Wistar rats was induced by infusion of nitroglycerin (6.6 microg/kg/min, 4 days). Vascular reactivity was measured by isometric tension studies of isolated aortic rings in response to nitroglycerin. Chronic nitroglycerin infusion lead to impaired vascular responses to nitroglycerin and decreased dehydrogenase activity, which was corrected by dihydrolipoic acid co-incubation. Superoxide, peroxynitrite, and nitroglycerin itself were highly efficient in inhibiting mitochondrial and yeast aldehyde dehydrogenase activity, which was restored by dithiol compounds such as dihydrolipoic acid and dithiothreitol. Hydrogen peroxide and nitric oxide were rather insensitive inhibitors. Our observations indicate that mitochondrial oxidative stress (especially superoxide and peroxynitrite) in response to organic nitrate treatment may inactivate aldehyde dehydrogenase thereby leading to nitrate tolerance. Glutathionylation obviously amplifies oxidative inactivation of the enzyme providing another regulatory pathway. Furthermore, the present data demonstrate that the mitochondrial dithiol compound dihydrolipoic acid restores mitochondrial aldehyde dehydrogenase activity via reduction of a disulfide at the active site and thereby improves nitrate tolerance.